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ABSTRACT 

The GEOS-I1 spacecraf t  i s  the  f i r s t  s a t e l l i t e  t o  be equipped with a 

hea t  p ipe  as an I n t e g r a l  p a r t  of the  thermal design. The hea t  p ipe ,  a device 

of extremely high e f f e c t i v e  thermal conduct ivi ty ,  i s  employed t o  minimize t h e  

temperature d i f f e rences  between transponders loca ted  i n  opposi te  quadrants of  

the  spacec ra f t .  

64 w a t t s ,  together  wi th  small temperature g rad ien t s  on the  outs ide  of the  h e a t  

p ipe ,  are evidence of  proper operation. 

60 days, transponder maximum and minimum temperatures show improvement over 

GEOS-I performance. 

Measured hea t  t r a n s f e r  r a t e s  through the  p ipe  of as much as 

Based on a per iod  of observat ion of  

-1- 
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1.9 INTRODUCT IOlT 

The GEOS-I1 spacecraf t  i s  the  f i r s t  s a t e l l i t e  t o  have a hea t  p ipe  incorporated 

as an i n t e g r a l  p a r t  of the  thermal design. The h e a t  p ipe ,  a device of 

extremely high e f f e c t i v e  thermal conductivity,  was invented by Gaugler. 

Later, Grover appl ied the  device t o  s p e c i a l  power-generating systems ,l and 

Cot te r  gave a t h e o r e t i c a l  explanation of i t s  opera t ion .  Recently,  Deverall  

and h i s  a s soc ia t e s  designed an experimental h e a t  p ipe  module which was 

o rb i t ed  on the  Atlas-Agena vehic le  w z d  for t.he ATS-A s a t e l l i t e .  

of t h i s  experiment ind ica ted  t h a t  the  absence of g r a v i t a t i o n a l  forces  does 

not  a f f e c t  t he  performance of a heat p ipe .  

7 

The r e s u l t s  

3 

A t  the  Applied Physics Laboratory, a program t o  develop a hea t  p ipe  f o r  

spacecraf t  temperature cont ro l  has been i n  progress  f o r  s eve ra l  years .  

When it  became apparent ,  during the e a r l y  design s t ages  of the  GEOS-I1 

e f f o r t ,  t h a t  l a rge  temperature d i f fe rences  could e x i s t  among the  var ious 

transponders,  it w a s  decided t o  connect t he  transponders by two hea t  p ipes  

t o  minimize these  temperature d i f fe rences .  

of the  GEOS-I1 hea t  p ipe  system and i t s  performance during t e s t  and i n  o r b i t .  

This  r epor t  descr ibes  the  design 

- 2- 
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I 2.0 SYSTEM DESCRIPTICN 

2.1 Heat P ipes  

Two hea t  p ipes ,  i d e n t i c a l  i n  func t ion  and d i f f e r i n g  only i n  length,  

were f ab r i ca t ed  and i n s t a l l e d .  A s  shown i n  Figure 1, the  h e a t  p ipe  

cons i s t s  of a sec t ion  of 1 inch O.D.  x ,065 inch w a l l  6061 "-6 
aluminum tubing which i s  sealed a t  the  ends by welded caps. A wick 

s t r u c t u r e  cons is t ing  of an annulus of 6 l aye r s  of 120 mesh aluminum 

w i r e  c l o t h  i s  i n  contact  with the  izside d i m e t e r  of the  tubing. . 

The hea t  p ipe  i s  evacuated by a vacuum pump and charged with s l i g h t l y  

more than enough freon-11 t o  w e t  t he  wick. Freon-11 w a s  chosen f o r  

t he  working f l u i d  because of i t s  low f reez ing  po in t  and because i t s  

non-flammable cha rac t e r i s t i c  made it safe t o  use i n  a welded s t r u c t u r e .  

A f u r t h e r  advantage w a s  i t s  low pressure a t  the  expected operat ing 

temperature range. A f t e r  charging, the Gipe i s  hermet ica l ly  sealed.  

A double seal welded closure i s  used t o  insure the  i n t e g r i t y  of the  

pipe.  
process.  

leakage of a l l  t he  working f l u i d  from t h e  hea t  pipe i n  the  hard vacuum 

condi t ions t o  which it i s  subjected.  

. 

This  operat ion i s  the most c r i t i c a l  o f  a l l  during t h e  f a b r i c a t i o n  

Any leakage path,  however small, w i l l  u l t imate ly  r e s u l t  i n  

I n  operat ion,  h e a t  e n t e r s  one end of the heat  pipe and vaporizes some 

of the f l u i d .  

where it condenses. The condensed f l u i d  i s  returned t o  the  hot  or  

evaporator end of the heat  p ipe  by the  c a p i l l a r y  ac t ion  of the wick. 

The r e s u l t  of t h i s  closed cycle operat ion is  t h a t  l a rge  amounts of 

hea t  can be t ransmit ted with a very small a x i a l  temperature grad ien t  

along t h e  outer  surface of t h e  isothermal sec t ion  of t he  hea t  pipe.  

The freon vapor t r a v e l s  t o  the cooler  end of the p ipe  

2.2 General Arrangement 

Figure 2 shows the arrangement of the  components of the system. 

hea t  p ipes ,  shown i n  dot ted l i n e s ,  are arranged i n  a ho r i zon ta l  plane 

p a r a l l e l  t o  the XY plane and below the  l i b r a r y  floor. 

of the  hea t  pipes  i n  a hor izonta l  plane al lawsthe system t o  be t e s t e d  

i n  a 1-g environment.) 

C-Band transponders,  while the  long heat  pipe connects the  C-Band with 

the Range and Range Rate transponders.  

The 

(The arrangement 

The sho r t  hea t  pipe connects t he  SECOR with t h e  

- 3- 
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2.3 Conduction Heat Transfer  Paths 

Because of a design requirement of keeping GEOS-IIas nea r ly  similar 
. t o  GEOS-I as poss ib le ,  it was necessary t o  use long conduction hea t  

transfer pa ths  t o  t r a n s f e r  hea t  t o  and from t h e  heat pipes .  

conduction pa ths  represent  t he  g r e a t e s t  por t ion  of the  o v e r a l l  

thermal r e s i s t ance  of t h e  system, The design approach is i l l u s t r a t e d  

schematically i n  Figure 3. A one-half inch th i ck  hea t  sink p l a t e  of 

aliiin-am a l l o y  2024 i s  mounted t o  the  l i b r a r y  w a l l .  The transponder 

i s  in t u rn  mounted t o  the  heat sink p l a t e .  A t h i n  f i l m  of i n su la t ion  

was used between the transponder and hea t  s ink  p l a t e  t o  provide e lec-  

t r i c a l  i n su la t ion  f o r  t h e  transponder. This i n su la t ion  increased 

the  thermal r e s i s t ance  s l i g h t l y .  

t he  bottom i s  a clamp assembly which holds the heat  p ipe  f o r  a d i s -  

tance of f i v e  inches.  Indium f o i l  i s  used t o  insure good thermal 

contact  between the  heat  pipe and the clamp and between the clamp 

and the heat  s ink  p l a t e .  T4e transponder, clamp assembly and hea t  

p ipe  are then covered w i t h  a mult i - layer  r e f l e c t i v e  type in su la t ion .  

These 

Bolted t o  the  hea t  s ink  p l a t e  near  

As shown by the  f igure ,  heat  generated i n  the  transponder must e i t h e r  

be rad ia ted  t o  o ther  p a r t s  of the  spacecraf t  o r  may be t r ans fe r r ed  by 

conduction t o  t h e  heat  sink p l a t e .  A p a r t  of the energy reaching t h e  

hea t  s ink  p l a t e  i s  transmitted t o  the  l i b r a r y  w a l l  by conduction, a 

p a r t  i s  rad ia ted  t o  other p a r t s  of t he  spacecraf t  and the  r e s t  i s  

t r ans fe r r ed  by conduction t o  the  heat pipe via the clamp assembly. 

2.4 Instrumentation 

Six te lemetry channels were a l loca t ed  s p e c i f i c a l l y  f o r  t h e  heat p ipes .  

Four of these  channels were used f o r  temperature measurements along the  

length of  t h e  long heat  pipe, and one was used f o r  a temperature meas- 

urement midway between the ex t r emi t i e s  of the  sho r t  hea t  pipe.  

b ra ted  thermistors  were used as the  temperature sensors .  

Cali- 

The remaining te lemetry channel was used f o r  a hea t  flux measurement. 

The sensor used f o r  t h i s  purpose was a thermopile manufactured by 

Hy/Cal Engineering and having a r a t ed  output of 101) mv a t  500 Btu/hr f t  

thermal input .  The sensor i s  rectangular  i n  shape, being approximately 

&" x 5'' x .080" th ick .  

2 

A s l o t  w a s  milled i n t o  the  f lange  of the  

-4- 
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Range and Range Rate clamp assembly t o  rece ive  the  component. 

Indium f o i l  was used t o  obtain good thermal contact .  The output of 
the  thermopile was connected t o  a specially-designed a q p l i f i e r 4  t o  

insure  t h a t  t he  telemetered data would not  be l o s t  i n  the noise .  

The f l u x  sensor/ampllfier system was bench-calibrated as a unit by 

supplying a known amount of e l e c t r i c a l  power t o  a c y l i n d r i c a l  hea t ing  

element held by the clamp assembly. The heat was removed thiiough t h a t  

area of t h e  hea t  sink p la t e  which i s  i n  contact  with the  Range and 

Range Rate transponder. The. nutput of the  amplifier wa8 read on a 

d i g i t a l  voltmeter and a p l o t  of heat f lux versus ampl i f ie r  output 

w a s  made t o  obta in  the  ca l ibra t ion .  

Again, 

- 5- 
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3.0 PERFORMANCE 

3.1 Bench Tests 

Bench tests were conducted using the equipment i l l u s t r a t e d  schematic- 

a l l y  i n  Figure 4. The major un i t s  of t es t  equipment a r e  the r e f r i g -  

e r a t i o n  uni t ,  cooling tank and a 24 poin t  temperature recorder .  An 

absolute  pressure transducer, together  with a Wheatstone bridge an& 

voltmeter i s  used t o  measure vapor pressure.  Copper-constantan thermo- 

couples, aff ixed t o  the  ex te r io r  of the heat pipe,  were used t o  sense 

temperature. 

seal i n  the cooling tank w a l l  while the evaporator end of the h e a t  

pipe i s  heated by means o f  a concentric heat ing element. The heat  

pipe i s  completely insulated w i t h  the  exception of the  condenser. 

The r e f r i g e r a t o r  un i t  i s  equipped w i t h  a compressor which c i r c u l a t e s  

a constant flow of r e f r ige ran t  through two evaporators.  

evaporator i s  located i n  the  cooling tank, and the a u x i l i a r y  evaporator 

i s  located i n  the cabinet.  A sensing bulb and bellows assembly are 

used t o  cont ro l  the  temperature of the coolant i n  the  tank. 

temperature reaches the  control  s e t t i n g  a solenoid valve i s  energized, 

d i v e r t i n g  the  r e f r i g e r a n t  from the main t o  the a u x i l i a r y  evaporator.  

The cooling tank i s  f i l l e d  with mixture of water and an t i f r eeze .  

After the s t a r t - u p  t r ans i en t s  a r e  over, the heat pipe exh ib i t s  a 

s teady-state  behavior wherein the sec t ion  of the pipe between the 

condenser and evaporator i s  near ly  isothermal.  

be var ied by changing the power l eve l ,  changing the cooling bath 

temperature o r  by changing the  evaporator or condenser areas. 

t i o n s  may a l s o  be changed by not  f u l l y  evacuating the  pipe p r i o r  t o  

charging w i t h  the heat pipe f l u i d  o r  as a r e s u l t  of a leak which allows 

the  f l u i d  t o  escape o r  a i r  t o  flow i n t o  the heat  pipe.  

the mean hea t  pipe temperature as a funct ion of input  power l e v e l .  

The mean temperature i s  seen t o  increase l i n e a r l y  w i t h  power l e v e l .  

The e f f e c t  of bath temperature i s  a l s o  shown. 

the experiment, a change of bath temperature of 68°F r e s u l t e d  i n  a 

mean heat  pipe temperature difference of about 6°F. 

The condenser end of the h e a t  pipe protrudes through a 

The main 

When the 

This temperature can 

Condi- 

Figure 5 shows 

For the  conditions of 

- 6- 
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Figure 8 shows the  hang-up case with a l l  transponders on. 

t h a t  t h e  maximum amount of hea t  was t ransmit ted i n  t h i s  case and t h a t  

a maximum temperature difference of 57.4"F between the  SECOR and the  

Range and Range Rate transponders occurred. 

It i s  noted 

A series of t e s t s  w a s  a l s o  conducted t o  show the  e f f e c t  of hea t  p ipe  

f a i l u r e  on the  thermal performance. To accomplish t h i s ,  the  spacecraf t  

w a s  t i l t e d  10" about the  X axis t o  defea t  the  ac t ion  of the  hea t  pipe.  

The tests were conducted i n  such a manner tha t  the  C-Band transponders 

were always h o t t e r  than the Range and Range Rate transponder.  

C-Band transponders were a t  a higher  e leva t ion  than the  Range and Range 

Rate transponder, and the c a p i l l a r y  pumping ac t ion  was i n s u f f i c i e n t  t o  

overcome the  g rav i ty  head, The h e a t  pipe f l u i d  therefore  co l lec ted  i n  

the  lower end, and a l l  heat  t r ans fe r r ed  by the  pipe was by conduction 

through the wick and tubing. 

The 

Figure 9 shows the  temperature grad ien t  along the long hea t  pipe while 

i n  the  t i l t e d  configuration. 

t h e  sensors f a r t h e s t  apart w a s  about 30°F. 

Range Rate transponder was in te r roga ted  causing hea t  t o  flow i n  t h e  

opposite d i r ec t ion .  

condensed f l u i d .  

and 1103 show the  rate a t  which the  i n i t i a l  l a rge  temperature grad ien t  

was reversed as the  heat pipe a t t a ined  steady state. 

t o  note that the measured heat f lux increased from an i n i t i a l  value of 

14.8 watts t o  75.5 wat t s  a t  1103. 
i n i t i a l l y  the  freon vapor condenses very close t o  the  Range and Range 

Rate clamp. 

sa t ion ,  the vapor t r ave l s  f a r t h e r  and farther before t h e  s l i g h t  vapor 

superheat i s  removed and condensation occurs. 

t h e  f l u i d  near t he  Range and Range Rate end of t he  pipe,  which had 

flooded t h i s  (evaporator) po r t ion  of the p ipe ,  vaporizes .  The evaporator 

area i s  therefore  increased and the  hea t  t r a n s f e r  rate i s  improved u n t i l ,  

f i n a l l y ,  normal operation i s  res tored .  

A t  0521 the  temperature difference between 

A t  t h i s  t i m e  the Range and I. 

I n  t h i s  case, g rav i ty  aided the r e tu rn  of the  

The temperature p r o f i l e s  taken a t  0615, 0732, 0900 

It i s  i n t e r e s t i n g  

This r e su l t ed  from the  f a c t  t ha t ,  

As the outside of the  hea t  pipe i s  warmed by t h i s  conden- 

A s  a r e s u l t ,  more of 

-a- 
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3.2 Thermal Vacuum Tes ts  

The GEOS-I1 spacecraf t  w a s  subjected t o  th ree  bas ic  types of thermal 

vacuum t e s t s :  maximum Q, corresponding t o  the  h o t t e s t  expected con- 

d i t i o n s  t o  which the  s a t e l l i t e  would be exposed; minimum sun, corres-  

ponding t o  the  co ldes t  expected condi t ions;  and hang-up, which s imulates  

the  maximum expected thermal grad ien ts  across  the  s a t e l l i t e .  The 
--" ,,IuA,l.ulI~ rnllrn Q case occurs  10 days a f t e r  t r a n s i t i o n  from l e s s  than 199% 

sunl ight  exposure t o  199% sunl ight .  

power generated by the s o l a r  a r r ay  were assumed t o  be maximum f o r  t h i s  

case.  The minimum sun case simulates the  r e s u l t a n t  s o l a r  exposure 

when the  o r b i t  normal i s  perpendicular t o  the  ear th-sun l i n e .  The 

s o l a r  cons tan t ,  albedo and power generated by the  s o l a r  a r r ay  were 

assumed t o  be minimum f o r  t h i s  case.  I n  the  hang-up case,  the  o r b i t  

normal i s  p a r a l l e l  t o  the  earth-sun l i n e ,  and the  same s ide  of t he  

s a t e l l i t e  i s  always fac ing  the sun. 

The s o l a r  constant ,  albedo and 

Figures 6, 7 and 8 show hea t  pipe system performance during thermal 

vacuum t e s t i n g  of the  three  cases.  It i s  t o  be noted t h a t  t he  modes 

of s a t e l l i t e  operat ion a r e  s l i g h t l y  d i f f e r e n t :  All t h ree  transponders 

were on f o r  the hang-up case,  while only t h e  SECOR w a s  on f o r  t he  

minimum sun and maximum Q cases presented i n  Figures  6 and 7. 
small temperature grad ien ts  along the  outs ide  surface of t he  long 

hea t  p ipe  a r e  evidence of proper opera t ion .  

The 

I n  Figure 6, hea t  i s  seen t o  flow toward the  C-Band transponders from 

both t h e  Range and Range Rate and SECOR t ransponders .  The temperatures 

of the  transponders and hea t  p ipes  a r e  r e l a t i v e l y  low as a r e s u l t  of 

the  simulated low exposure t o  sun l igh t .  The SECOR temperature i s  

l a r g e s t  owing t o  the  f a c t  t h a t  t h i s  component w a s  energized and w a s  

therefore  generat ing hea t .  

Figure 7 shows the  r e s u l t s  for  t he  maximum Q case,  again with only the  

SECOR energized.  The transponder temperatures a r e  seen t o  be the  

maximum of the  th ree  cases .  I n  t h i s  t e s t ,  h e a t  w a s  t r ans fe r r ed  from 

the  SECOR through the  sho r t  hea t  p ipe  t o  the  C-Band transponders and 

thence through t h e  long heat  p ipe  t o  the  Range and Range Rate transponder.  

A t o t a l  of 1.8~1 w a t t s  of heat f l u x  w a s  measured by the f l u x  sensor .  

-7- 
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3 . 3  Performance i n  Orbi t  

A s  mentioned previously,  the purpose of  the  hea t  pipe system i s  t o  

minimize the temperature differences among t h e  transponders.  Although 

the  temperature d i f fe rence  may be made smaller by energizing t h e  co ldes t  

transponder o r  by not  energizing the h o t t e s t  transponder, such a scheme 

imposes a cons t r a in t  on s a t e l l i t e  operat ions.  Further ,  it i s  even 

poss ib le  t h a t  t h e  transponder might g e t  so cold t h a t  it could not be 

operated. For these r e a ~ ~ z s  the  hea t  pipe system w a s  i n s t a l l e d  on 

the  spacecraf t .  

Table I provides a comparison of t he  extreme temperatures and temperature 

d i f fe rences  between t h e  SECOR and Range and Range Rate transponders 

covering the  l a t t e r  p a r t  of 1965 and a l l  of 1966 f o r  GEOS-I and f o r  

t he  60 day per iod be-tween days 16 through 75 1968 f o r  GEOS-I1 (The 

C-Band transponders were not included i n  t h i s  comparison s ince  GEOS-I 

w a s  not equipped with them.) Based upon t h i s  l imi ted  sample s i z e  f o r  

GEOS-11,considerable improvement i s  noted i n  a l l  respec ts .  

Table I : 

SECOR Temp."F R/RR Temp. "F Maximum AT, "F 

Comparison of Transponder Temperature Extremes 

Max. Min . Max. Min . SECOR-R/RR R/RR-SECOR 

GEOS - I 110 6 138 12 65 95 

GEOS- I1 83 34 79 37 36 38 

Of p a r t i c u l a r  note i s  the l a rge  maximum temperature of the  GEOS-I 

Range and Range Rate transponder of 138°F and the maximum temperature 

difference of 95°F. These da ta  po in t s  were taken during January 1966. 
It i s  noted t h a t  ca lcu la t ions  made f o r  GEOS-IIpredicted a maximum tem- 

pera ture  d i f fe rence  of 92°F without the  hea t  pipe systen; and 32°F with 

the  system.5 Tes ts  subsequently showed t h a t  the thermal r e s i s t ance  of 

the  clamp assemblies was somewhat higher than t h a t  used i n  the  calcu- 

l a t i o n s  and t h a t ,  hence, t h e  maximum temperature d i f fe rence  would exceed 

the  32°F value,  as has already happened. 

-9- 
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The e f f e c t  of t h e  hea t  p ipe  system on reducing t h e  maximum temperature 

among the  transponders may a l so  be seen i n  Figures  13 and 11. Figure 

10 shows the  mean maximum temperature d i f f e rence ,  averaged d a i l y ,  as 

a funct ion of  time. The trend i s  shown by the  dot ted  l i n e  and i s  seen 

t o  be slowly r i s i n g .  This trend i s  believed t o  be caused by more f r e -  

quent transponder opera t ion  and the  environmental condi t ions.  The 

environmental condi t ions f o r  most of the  time per iod  shown c lose ly  

approximate the  maximum Q case of  the  thermal vacuum t e s t .  6 

Figure 11 shows the  d a i l y  d i f fe rence  between the  mean temperatures of 

t he  long and shor t  h e a t  pipes .  

with a standard devia t ion  of 3.5"F. 

Figure 19 s ince  the  mean temperature of a hea t  p ipe  l i e s  somewhere 

between the  temperatures o f  the transponders which it connects. 

Inasmuch as the  ax ia l  temperature grad ien t  a long a hea t  p ipe  i s  small, 

t h i s  f i gu re  a l s o  shows t h a t  the clamps represent  t he  l a r g e s t  thermal 

r e s i s t ance  i n  the  system. 

The mean w a s  ca l cu la t ed  t o  be +3.4"F 

Good agreement i s  shown with 

Figures 12 and 1-3 show the  performance of the  h e a t  p ipe  system i n  o r b i t .  

These s e t s  of da t a  were se lec ted  because they r ep resen t  the  g r e a t e s t  

measured hea t  t r a n s f e r  r a t e s  during the  per iod of observat ion.  I n  

Figure 12, a l l  t h ree  transponders were energized and a t o t a l  of 43.5 
w a t t s  w a s  measured a t  the  f lux  sensor.  A temperature g rad ien t  of 

l.7'F w a s  measured between t h e  two most remote thermis tors  on the  

long hea t  pipe while the  maximum transponder temperature d i f fe rence  

w a s  2 6 . 9 ' ~ .  

Figure 1-3 i l l u s t r a t e s  a case where the  h e a t  flow i s  i n  the  opposi te  

d i r e c t i o n ,  from t h e  Range and Range Rate transponder toward the  C-Band 

transponders.  

t he  f l u x  sensor with a temperature grad ien t  of 3.5"F being measured 

between the  most remote thermistors  on the  long hea t  p ipe .  The maximum 

transponder temperature d i f fe rence  i s  seen t o  be 25.3"F. 

A s  shown, a power l e v e l  of 64.0 watts w a s  measured by 

It w a s  shown previous ly  i n  Section 3.2 t h a t  the  h e a t  p ipe  can a c t  t o  

reverse  a temperature gradient  on the  outs ide  of t he  h e a t  p ipe  and 

p a r a l l e l  t o  i t s  a x i s  which i s  opposite t o  the  d i r e c t i o n  of hea t  flow 

- 10- 
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with in  the  p ipe ,  I n  o r b i t ,  such a condi t ion occurs when t h e  spacecraf t  

o r i e n t a t i o n  with respec t  t o  the sun changes r a d i c a l l y  or  whenever a 

colder  transponder i s  energized. Figure 14 i s  an example of such a 

gradien t  r eve r sa l .  A s  a r e s u l t  of the  C-Band transponders being h o t t e r  

than the  Range and Range Rate transponder,  an i n i t i a l  g rad ien t  of l . 9 "F  

ex i s t ed  between t h e  two most remote thermis tors .  The Range and Range 

Rate transponder was then energized, causing the  ex te rna l  h e a t  p ipe  

temperature g rad ien t  t o  reverse ,  

t ransmi t ted  through the p ipe  when t h e  l as t  data were obtained. 

Approximately i8.8 watts were being 

- 11- 



S2P-3-25 

4.0 coNcm~oNs 
1. During the period of observation, both hea t  p ipes  exhib i ted  normal 

performance. 

Heat fluxs8 of as much as 64 watts have been t ransmit ted.  

The range between the  maximum and minimum transponder temperatures f o r  

the  60 day per iod of GEOS-B observations has been considerably smaller 

than t h e  range observed f o r  GEOS-A over a much longer per iod.  Further  

observation of GEOS-B i s  required before a firmer conclusion m y  be 

drawn. 

Reversal  of the  ex te rna l  heat  p ipe  axial  temperature grad ien t  has been 

observed both i n  thermal vacuum tests and during o r b i t .  

The mean d i f fe rence  between the  heat p ipe  temperatures has been shown 

t o  be small during the period of observation. 

cluded t h a t  system performance has not been biased e i t h e r  by spacecraf t  

a t t i tude  o r  by operat ion of the transponders.  

2. 

3. 

4. 

5. 
As a r e s u l t ,  it i s  con- 
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